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Objective: The FOXP2 gene is involved in the development of speech and language. As some single
nucleotide polymorphisms (SNPs) of FOXP2 have been found to be associated with auditory verbal
hallucinations (AVHs) at trend levels, this study set out to undertake the ﬁrst examination into whether
interactions between candidate FOXP2 SNPs and environmental factors (speciﬁcally, child abuse) predict
the likelihood of AVHs.
Method: Data on parental child abuse and FOXP2 SNPs previously linked to AVHs (rs1456031, rs2396753,
rs2253478) were obtained from the Australian Schizophrenia Research Bank for people with
schizophrenia-spectrum disorders, both with (n ¼ 211) and without (n ¼ 122) a lifetime history of AVHs.
Results: Genotypic frequencies did not differ between the two groups; however, logistic regression found
that childhood parental emotional abuse (CPEA) interacted with rs1456031 to predict lifetime experience
of AVH. CPEA was only associated with signiﬁcantly higher levels of AVHs in people with CC genotypes
(odds ratio ¼ 4.25), yet in the absence of CPEA, people with TT genotypes had signiﬁcantly higher levels
of AVHs than people with CC genotypes (odds ratio ¼ 4.90). This interaction was speciﬁc to auditory
verbal hallucinations, and did not predict the likelihood of non-verbal auditory hallucinations.
Conclusions: Our ﬁndings offer tentative evidence that FOXP2 may be a susceptibility gene for AVHs,
inﬂuencing the probability people experience AVHs in the presence and absence of CPEA. However, these
ﬁndings are in need of replication in a larger study that addresses the methodological limitations of the
present investigation.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Auditory verbal hallucinations (AVHs), the experience of hearing
a voice with a compelling sense of reality in the absence of an
appropriate external stimulus, remain a key challenge faced byCognition and its Disorders,
sity, North Ryde, NSW 2109,
cCarthy-Jones).
All rights reserved.many people diagnosed with schizophrenia. Despite recent ad-
vances in neurocognitive models of AVHs (Waters et al., 2012), the
contribution of genetic factors to their aetiology remains poorly
understood.
The gene that has received most attention in relation to AVHs is
the forkhead box P2 gene (FOXP2). This gene is involved in the
development of the neural systems that mediate speech and lan-
guage (Liégeois et al., 2003). Whilst a number of mutations on this
gene are associated with speech/language problems (e.g.,
MacDermot et al., 2005), the best studied is a rare mutation at
position 553 (R553H) which is associated with a severe speech and
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argued that AVHsmay also be seen as a “disorder of speech” (p. 67),
and that common variants on the FOXP2may therefore play a causal
role in the development of AVHs. Although the biological mecha-
nism of any emerging relationship between common FOXP2 single
nucleotide polymorphisms (SNPs) and AVHs is underdeveloped,
there are a number of reasons for predicting such a relationship.
Firstly, the R553H mutation is associated with grey matter al-
terations in regions implicated in AVHs, including the left inferior
frontal gyrus (IFG) and the superior temporal gyrus (STG) bilater-
ally (Watkins et al., 2002). Reduced STG volumes are associated
with greater AVH severity (Palaniyappan et al., 2012) and both the
STG and left IFG are functionally activated during AVHs (Jardri et al.,
2011). Secondly, R553H has been linked to increased grey matter in
the putamen (Watkins, et al., 2002), a region involved in sponta-
neous language generation, also implicated in AVHs (Hoffman and
Hampson, 2012). Finally, this FOXP2 mutation is also associated
with reduced left lateral IFG activation during both overt and covert
word production (Liégeois et al., 2003). This ﬁts well with the
ﬁnding that reduced lateralisation of the language system is asso-
ciated with AVHs (Ocklenburg et al., 2013). The proposal that
common FOXP2 SNPs may have similar, although less drastic, ef-
fects to those of the rare R553H mutation, due to the downstream
pathways regulated by the FOXP2 gene (Fisher and Scharff, 2009),
can hence lead to the hypothesis that common FOXP2 SNPs may
increase the likelihood of AVHs.
The ﬁrst study of FOXP2 SNPs and AVHs compared allele fre-
quencies of FOXP2 SNPs rs923875 and Intron3a between 149 peo-
ple with schizophrenia/schizoaffective diagnoses with AVHs, and
137 healthy controls; no differences in genotype distributions or
allele frequencies were found and there were no differences in AVH
severity associated with these polymorphisms (Sanjuan et al.,
2005). A later study compared the allele frequencies of ten FOXP2
SNPs among 186 people diagnosed with schizophrenia with AVHs,
and 160 healthy controls (Sanjuan et al., 2006). This found signiﬁ-
cantly different allele frequencies of rs2396753 between the
groups, and a trend towards differences in the genotype distribu-
tion of both rs2396753 and rs1456031. However, both these studies
employed a non-psychiatric comparison group, leaving open the
possibility that group differences could be due to other factors
associated with schizophrenia apart from AVHs. A more recent
study (Tolosa et al., 2010) addressed this limitation by examining
twenty-seven FOXP2 SNPs in 293 people diagnosed with schizo-
phrenia, and then comparing patients with AVHs (n ¼ 77), and
without AVHs (n ¼ 215). Although there were initial group differ-
ences in both genotype distributions and allele frequency for
rs2396753 (AA genotype and A allele more common in patients
with AVHs), and genotype distributions for rs2253478 (GA geno-
type more common in patients with AVHs) and rs1456031 (CC
genotype more common in patients with AVHs), these did not
remain signiﬁcant after correcting for multiple comparisons.
One potential reason for the lack of signiﬁcant differences in
genotype frequency among patients with and without AVHs is that
FOXP2 may exert its role in producing AVHs according to hitherto
unidentiﬁed gene-environment interactions. Such interactions are
becoming of increasing interest in schizophrenia research (Van Os
et al., 2008). One way to conceive of this idea in the current
context is that vulnerability to AVHs could be provided by the in-
heritance of a speciﬁc FOXP2 variant, with additive (environmental)
stressors being necessary for AVHs tomanifest. Alternatively, FOXP2
may be especially vulnerable to environmental modulation, such
that individual variation among FOXP2 SNPs would make some
people particularly susceptible to the presence (and/or absence) of
stressors that likely interact with all genotypes (i.e., the interactions
are not restricted to a perceived “risk” genotype; Belsky et al.,2009). A candidate environmental stressor for such an interaction
is one already shown to be associated with AVHs, namely child
abuse, with substantial evidence already demonstrating a rela-
tionship between AVHs and a range of forms of child abuse,
including sexual (Bentall et al., 2012; McCarthy-Jones, 2011),
physical (Bentall et al., 2012; Read et al., 2003) and emotional abuse
(Daalman et al., 2012), as well as neglect (Varese et al., 2012). Since
not all child abuse results in AVHs, variations in FOXP2 genotypes
may be one factor in determining who goes onto develop AVHs
following such abuse in childhood. We therefore hypothesised that
the three FOXP2 SNPs (rs2253478, rs2396753, rs1456031), found
previously to be associated with AVHs at trend level by Tolosa et al.
(2010), would interact with child abuse experiences to predict the
presence of AVHs.
2. Method
2.1. Participants
Participants were 333 people (116 female), with a mean age of
39.91 years (SD ¼ 11.02, range 20e65) with schizophrenia-
spectrum DSM-IV diagnoses conﬁrmed on the basis of a struc-
tured diagnostic interview (251 schizophrenia, 42 schizoaffective,
34 psychotic disorder not otherwise speciﬁed, 6 delusional disor-
der). The sample was predominantly Caucasian and had previously
been subjected to Eigenstrat principal components analysis incor-
porating HapMap Phase 2 reference populations (Price et al., 2006)
in order to identify major axes of ancestral variation. As a result of
this 29 samples had already been identiﬁed as outliers (i.e., non-
European ancestry) on one or more of the ﬁrst six principal com-
ponents and removed. Exclusion criteria included an inability to
converse ﬂuently in English, organic brain disorder, brain injury
with greater than 24 hours post-traumatic amnesia, an IQ < 70,
movement disorders, current diagnosis of substance dependence,
and/or electroconvulsive therapy received in the last 6 months. The
majority of participants were taking anti-psychotic medication.
2.2. Clinical assessments
Clinical and diagnostic information was obtained using the
Diagnostic Interview for Psychosis (DIP: Castle et al., 2006), con-
ducted by trained research staff. Full details on the original data
collection process are available in Loughland et al. (2010). Partici-
pant were divided into those who had experienced AVHs (oper-
ationalized as those with non-zero total scores on the sum of
lifetime prevalence ratings of DIP item 51: accusatory/abusive/
persecutory/commanding voices, DIP item 52: running commen-
tary, and DIP item 53: third person voices) and those who had not
experienced AVHs (operationalized as those with a zero total score
on the aforementioned variables).
In order to control for potential confounding variables, we also
utilised a range of measures of psychopathology from the DIP. Non-
verbal auditory hallucinations were assessed using lifetime prev-
alence ratings on DIP item 50, and were coded as a binary variable
(0 ¼ never experienced, 1 ¼ experienced). Six separate types of
delusional ideation were individually assessed using lifetime
prevalence ratings on DIP delusion items 58e64, and were each
coded as binary variables (0¼ never experienced,1¼ experienced).
Negative symptoms were calculated as the sum of total lifetime
scores on DIP items 90, 91, and 97, which assessed restricted affect,
blunted affect, and negative formal thought disorder respectively
(each scored on a three-point Likert scale ranging from 0 to 2), and
were treated as a continuous variable with scores that could range
from 0 to 6. Although the resultant scale had a poor Cronbach’s
alpha (0.51), Cronbach’s alpha has been demonstrated to be
Table 1
Descriptive statistics.
Variable Total sample
(N ¼ 333)
AVHs
(n ¼ 211)
No AVHs
(n ¼ 122)
Demographics
Age (years) 39.91 (11.02) 39.18 (10.90) 41.19 (11.16)
Gender (women) 34.83% 38.39% 28.69%
Years of education 13.46 (2.78) 13.09 (2.72) 14.08 (2.80)
Parental childhood abuse
Sexual abuse 7.51% 9.95% 3.28%
Physical abuse 24.62% 24.64% 24.59%
Emotional abuse 38.74% 41.71% 33.61%
Neglect 15.92% 15.64% 16.39%
Other childhood stressors
Poverty 23.42% 26.07% 18.85%
Parental divorce 28.53% 32.23% 22.13%
AH ¼ Auditory hallucinations.
Note: Figures represent percentage endorsement, or mean (standard deviation) as
applicable.
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are employed in a scale of ﬁve points or less (Zumbo et al., 2007).
Hence, for the current exploratory analyses, which used three point
response scales, the internal reliability was deemed acceptable.
Depressionwas calculated as the sum of total lifetime scores on DIP
items 20e22, which assessed dysphoria, loss of pleasure, and sui-
cidal ideation/attempts (each scored on a four-point Likert scale
ranging from 0 to 3), and treated as a continuous variable with
scores that could range from 0 to 9 (resultant Cronbach’s alpha of
three-item scale ¼ 0.77).
2.3. Child abuse
This was assessed using items from the Childhood Adversity
Questionnaire (Rosenman and Rodgers, 2004), which assesses
adversity experienced in the child’s family as a result of parental
actions (or omissions). CAQ items which explicitly assessed types of
child abuse recommended for inquiry in psychosis research
(Bendall et al., 2008), and which also have been previously been
linked to AVHs, were utilized; namely, sexual, physical and
emotional abuse, and neglect. Sexual abuse was assessed by the
CAQ item “I was sexually abused by a parent”. Neglect was assessed
using CAQ item “I was neglected”. Each of these types of abusewere
treated as binary variables and scored 1 if present and 0 if absent.
Physical abuse was assessed using the two CAQ items “I was
physically abused by a parente punched, kicked, hit or beatenwith
an object or needed medical treatment” and “I received too much
physical punishment e hitting, smacking, etc.”. Non-zero total
scores on this two-item scale (Cronbach’s alpha¼ 0.80) were coded
1 and scores of zero were coded 0 to create a binary measure.
Emotional abuse was assessed using the sum of the two CAQ items
“I suffered humiliation, ridicule, bullying or mental cruelty from a
parent” and “I was verbally abused by a parent”. Non-zero total
scores on this two-item scale (Cronbach’s alpha¼ 0.75) were coded
1, and zero scores were coded 0 to create a binary measure.
In order to control for the relation between psychosis and
childhood socioeconomic status (Wicks et al., 2005), we employed
the CAQ item “I grew up in poverty or ﬁnancial hardship”, and to
control for the greater prevalence of hallucinations in those who
have experienced parental divorce when children (Whitﬁeld et al.,
2005), we employed the CAQ item “Did your parents divorce or
permanently separate when you were a child?”). Each item was
scored 1 if present, and 0 if absent.
2.4. Genotyping
Genotyping was performed using Inﬁnium Human 610 K
BeadChips according to the manufacturer’s instructions (Illumina).
In short, 200 ng of gDNAwas ampliﬁed, fragmented and denatured
before hybridization. After washing, extension, and staining steps,
the BeadChips were dried and scanned on the Illumina BeadArray
Reader. Genotype imputation was conducted using the Markov
Chain Haplotyping (MaCH) package (Li et al, 2010). Input data for
imputation for the three genotyped FOXP2 SNPs passed all quality
control ﬁlters. For each imputed SNP, imputation quality was esti-
mated as the ratio of observed dosage variance to the expected
binomial variance (imputation r2). All three imputed SNPs had
ratios of observed dosage variance to expected dosage variance (r2)
greater than 0.4. Assigned genetic map positions were based on
NCBI Build 36. No SNPs violated the exclusion criteria of having a
call rate < 0.95, deviating from HardyeWeinberg equilibrium in
controls (p < 1E-06) or having a minor allele frequency <0.01. In-
dividual samples were excluded due to poor genotyping (<0.95 call
rate), discrepancies between reported and genotyped gender, and
cryptically related individuals (pihat > 0.185; equivalent to secondcousins or closer). After removing samples failing speciﬁed quality
control checks, we identiﬁed major axes of ancestral variation via
Eigenstrat principal components analysis incorporating HapMap
Phase 2 reference populations (Price et al, 2006); samples identi-
ﬁed as outliers (i.e., non-European ancestry) on one or more of the
ﬁrst six principal components were removed.
2.5. Statistical analyses
Chi-square tests were used to examine the genotypic frequency
distribution of the SNPs between patients with and without AVHs.
A logistic binary hierarchical regression (Direct Entry) with the
presence/absence of AVHs as the dependent variable was then used
to test for main effects of each type of parental child abuse, FOXP2
genotype and the interaction between these variables.
We employed a correction to signiﬁcance levels for multiple
testing. As Bonferroni corrections are conservative and result in
diminished power, we employed a correction based on Benjamini
and Yekutieli’s method (2001: BeY method). This method controls
the false discovery rate, provides increased power, and offers a way
to achieve a balance between Type I and Type II errors (Narum,
2006). Our planned analyses involved approximately 50 tests,
equating to a corrected signiﬁcance level of p¼ 0.011 using the BeY
method (Narum, 2006).
3. Results
3.1. Descriptive statistics
Descriptive statistics for demographics, child abuse and other
stressors are presented in Table 1. Notably, of the 25 participants in
the total sample who reported parental sexual abuse, 84% reported
AVHs. Rates of non-verbal auditory hallucinations were signiﬁ-
cantly more common in the AVH group (prevalence ¼ 42.65%) than
the non-AVH group (prevalence ¼ 17.21%), c2(1) ¼ 22.52, p < 0.001.
There were no differences between the groups with and without
AVHs in their rates of primary, c2(2) ¼ 1.33, p ¼ 0.52, passivity,
c2(2) ¼ 2.81, p ¼ 0.25, persecutory, c2(2) ¼ 1.51, p ¼ 0.47, inﬂuence,
c2(2)¼ 0.03, p ¼ 0.99, perception, c2(2) ¼ 2.39, p¼ 0.30, grandiose,
c2(2) ¼ 1.00, p ¼ 0.61, or bizarre delusions, c2(2) ¼ 2.50, p ¼ 0.29.
Levels of depression also did not differ between the AVH (M¼ 5.24)
and non-AVH groups (M ¼ 4.98), t(331) ¼ 0.67, p ¼ 0.50. There
was a trend towards levels of negative symptoms being higher in
the non-AVH group (M ¼ 1.50) than the AVH group (M ¼ 1.14),
Table 3
Final model of logistic regression predicting presence of AVHs.
b SE Wald p exp(b), (99% CI)
Age 0.02 0.01 2.35 0.13 0.98 (0.95e1.01)
Gendera 0.55 0.29 3.65 0.06 0.58 (0.28e1.21)
Years of education 0.11 0.05 5.73 0.02 0.87 (0.69e1.01)
Negative symptoms 0.14 0.09 2.49 0.11 0.87 (0.69e1.09)
Non-verbal
auditory
hallucinationsb
1.21 0.30 16.24 <0.001* 3.36 (1.55e7.21)
Sexual abuseb 0.99 0.65 2.31 0.13 2.68 (0.50e14.25)
Physical abuseb 0.46 0.35 1.72 0.19 0.63 (0.26e1.55)
Emotional abuseb 1.45 0.50 8.22 0.004* 4.25 (1.16e15.57)
Neglectb 0.45 0.41 1.22 0.27 0.64 (0.22e1.82)
Povertyb 0.43 0.33 1.73 0.19 1.54 (0.66e3.62)
Parental divorceb 0.31 0.31 1.01 0.32 1.36 (0.62e3.02)
rs2253478c 2.17 0.34
rs2253478-AA 0.22 0.37 0.33 0.56 0.81 (0.31e2.10)
rs2253478-GG 0.36 0.31 1.34 0.25 1.43 (0.64e3.18)
rs1456031d 9.14 0.01*
rs1456031-CT 0.42 0.37 1.27 0.26 1.52 (0.58e3.98)
rs1456031-TT 1.59 0.53 9.04 0.003* 4.90 (1.26e19.14)
rs2396753e 0.34 0.84
rs2396753-CC 0.28 0.54 0.28 0.60 0.75 (0.19e3.02)
rs2396753-AC 0.01 0.31 0.01 0.99 1.00 (0.45e2.23)
Emotional abuse
*rs1456031
12.18 0.002*
*rs1456031-TC 0.84 0.62 1.83 0.18 0.43 (0.09e2.13)
*rs1456031-TT 2.68 0.77 12.09 <0.001* 0.07 (0.01e0.50)
* Statistically signiﬁcant at alpha level corrected for multiple testing, p < 0.011.
a Reference category ¼ female.
b Reference category ¼ not experienced.
c Reference category ¼ AG.
d Reference category ¼ CC.
e Reference category ¼ AA.
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chopathology variables only non-verbal auditory hallucinations
and negative symptoms were controlled for in our regression an-
alyses (see Section 3.3).
3.2. Genotypic distributions
Genotype frequencies of the FOXP2 SNPs examined are pre-
sented in Table 2. The distribution of allele frequencies was in
HardyeWeinberg equilibrium for all SNPs (all p’s > 0.05). There
were no signiﬁcant differences in genotypic distributions between
the AVH and non-AVH groups.
3.3. Logistic regression
Logistic regression was undertaken with lifetime presence of
AVHs as the dependent variable. Demographics (age, gender, years
of education), psychopathological variables found to differ between
the two groups (non-verbal auditory hallucinations, negative
symptoms), and other childhood stressors (poverty, parental
divorce) were entered in the ﬁrst step of the regression, along with
all four parental child abuse variables. The three FOXP2 SNPs were
entered in a second step, and the two-way interactions between
each FOXP2 SNP and each form of parental child abusewere entered
in a third and ﬁnal step.
Following Crawley’s (2007) recommendation, we performed an
initial regression and then repeated this excluding the non-
signiﬁcant interaction terms. We only report here on this latter
regression. We note that interaction terms between sexual abuse
and FOXP2 SNPs had to be excluded from the regression, due to the
large standard errors they introduced to the regression. Block 0,
where no predictors were entered, was signiﬁcant, Wald ¼ 23.20,
p < 0.001, and correctly classiﬁed 63.4% of participants. Step 1 was
signiﬁcant, c2(11) ¼ 48.95, p ¼ 0.001, RN2 (Negelkerke R2) ¼ 0.19.
Step 2 was not signiﬁcant, Dc2(6) ¼ 4.56, p ¼ 0.60, DRN2 ¼ 0.01, but
the overall model remained signiﬁcant, c2(17) ¼ 53.51, p < 0.001,
RN
2 ¼ 0.20. When the only signiﬁcant interaction term identiﬁed in
the previous regression, that between rs1456031 and emotional
abuse, was entered in the third step, both the step, c2(2) ¼ 12.83,
p¼ 0.002, DRN2 ¼ 0.05, and overall model, c2(19)¼ 66.34, p< 0.001,
RN
2 ¼ 0.25, were signiﬁcant. A HosmereLemeshow test indicated
the overall model did not differ signiﬁcantly to the data,
c2(8) ¼ 3.37, p ¼ 0.91. In the ﬁnal model 70.6% of participants were
correctly classiﬁed. The contribution of each term in the ﬁnal model
is presented in Table 3.
The logistic regression showed no evidence of multicollinearity.
All cases had DFBetas less than 1, no participants had a leverage
value greater than Stevens’ (1992) recommended value of threeTable 2
Genotypic frequencies of FOXP2 SNPs.
SNP Group Genotypic frequency Difference
Number (%) of patients
rs2253478 AA AG GG
AVHs 39 (18%) 97 (46%) 75 (36%) c2(2) ¼ 2.77,
p ¼ 0.25
No AVHs 23 (19%) 66 (54%) 33 (27%)
rs1456031 CC CT TT
AVHs 70 (33%) 93 (44%) 48 (23%) c2(2) ¼ 1.62,
p ¼ 0.45
No AVHs 46 (38%) 55 (45%) 21 (17%)
rs2396753 CC AC AA
AVHs 21 (10%) 114 (54%) 76 (36%) c2(2) ¼ 1.51,
p ¼ 0.47
No AVHs 12 (10%) 58 (48%) 52 (42%)
Note: Two-tailed tests employed.times the mean leverage, and all Cook’s distance were less than 1.
No standardized residuals had absolute values exceeding 2.5. This
all suggested that were no cases exerting undue inﬂuence over the
model parameters.
3.4. Analysis of interaction effect
The interaction between rs1456031 and emotional abuse
(plotted using the raw data, i.e., employing non-regression adjusted
values) is illustrated graphically in Fig. 1.
Regression-adjusted values indicated that whilst CC genotypes
had a signiﬁcantly higher likelihood of AVH when emotional abuse
was present, TT genotypes had a non-signiﬁcant trend towards a
lower likelihood of AVHs in the presence of emotional abuse
(Table 4).45%
50%
55%
60%
65%
70%
75%
80%
CC CT TT
AVH 
prevalence
rs1456031 genotype
Emotional abuse
No emotional abuse
Fig. 1. Graphical illustration of interaction between rs1456031 genotype and parental
childhood emotional abuse (non-regression adjusted).
Table 4
Analysis of interaction: effect of parental childhood emotional abuse across
rs1456031 genotypes.
Genotype Emotional
abuse absent
Emotional
abuse
present
Odds ratio Regression
adjusted
odds ratio
CC No AVH 35 11 3.18 4.25
AVH 35 35 p ¼ 0.006* p ¼ 0.004*
% AVH 50% 76%
CT No AVH 37 18 1.36 1.84
AVH 56 37 p ¼ 0.48 p ¼0.15
% AVH 60% 67%
TT No AVH 9 12 0.38 0.29
AVH 32 16 p ¼ 0.11 p ¼ 0.05
% AVH 78% 57%
* Statistically signiﬁcant at alpha level corrected for multiple testing, p < 0.011,
using a two-tailed Fisher Exact test.
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likelihood of AVHs than CC genotypes, but in the presence of abuse
there was a non-signiﬁcant trend for TT genotypes having a lower
likelihood of AVHs than CC genotypes (Table 5).
3.5. Speciﬁcity to auditory verbal hallucinations
To test if this interaction effect was speciﬁc to auditory verbal
hallucinations, we repeated our regression but with non-verbal
auditory hallucinations (DIP 50) as the dependent variable, add-
ing in the presence/absence of AVHs to the list of variables
controlled for in the ﬁrst step of the regression. The third step of the
regression, where the interaction between rs1456031 and
emotional abuse was entered, was non-signiﬁcant, c2(2) ¼ 4.28,
p ¼ 0.12, DRN2 ¼ 0.02.
4. Discussion
The study neither found a signiﬁcant association between AVHs
and FOXP2 SNPs rs2396753, rs2253478 and rs1456031, nor repli-
cated the trends towards signiﬁcance previously found by Tolosa
et al., (2010). However, a signiﬁcant interaction was found be-
tween genotypes on the rs1456031 SNP and childhood parental
emotional abuse. Only people with CC genotypes were signiﬁcantly
more likely to experience AVHs when such emotional abuse was
present, as opposed to absent. In the absence of emotional abuse,
TT genotypes had signiﬁcantly higher levels of AVHs than CC ge-
notypes. There were also non-signiﬁcant trends towards TT geno-
types having lower levels of AVHs when childhood parental
emotional abuse was present (as opposed to absent), and TT ge-
notypes having lower levels of AVHs than CC genotypes in the
presence of such abuse. This interaction did not predict levels of
non-verbal auditory hallucinations, suggesting the effect was spe-
ciﬁc to auditory verbal hallucinations.Table 5
Analysis of interaction: effect of rs1456031 genotype across parental childhood
emotional abuse status.
Emotional
abuse
rs1456031
genotype
% of patients
with AVHsa
Comparison Regression
adjusted
odds ratio
Absent CC 50%
CT 60% CT vs CC 1.52, p ¼ 0.26
TT 78% TT vs CC 4.90, p ¼ 0.003*
Present CC 76%
CT 67% CT vs CC 0.66, p ¼ 0.42
TT 57% TT vs CC 0.34, p ¼ 0.08
* Statistically signiﬁcant at alpha level corrected for multiple testing, p < 0.011.
a As per Table 4.4.1. Interpretation of ﬁndings
Our ﬁndings suggest that rs1456031 may be especially suscep-
tible to environmental modulation (Belsky et al., 2009) such that,
rather than existing as a ‘risk’ genotype for AVHs, normal individual
variation in it may confer differential susceptibility to AVHs under
circumstances of parental childhood emotional abuse, while also
altering susceptibility to AVHs in the absence of such abuse. This
interpretation is based on our ﬁnding that, in the absence of
childhood parental emotional abuse, the CC genotype conferred an
advantage in being associated with a signiﬁcantly lower suscepti-
bility to AVHs (compared to TT genotypes), but in the presence of
such abuse, patients with the CC genotype (but not the CT or TT
genotypes) showed a signiﬁcant increase in rates of AVHs, resulting
in a non-signiﬁcant trend towards them now having higher levels
of AVHs than TT genotype patients.1 The pattern of altered sus-
ceptibility has precedent. For example, Belsky et al. highlight a
similar pattern in Caspi et al.’s (2002) ground-breaking ﬁnding that
males with the less active variant of the MAOA genotype were
found to be most antisocial in young adulthood when they expe-
rienced maltreatment in childhood, but that individuals with the
same MAOA allele scored lowest in anti-social behaviour in early
adulthood, when not exposed to child maltreatment.
How may rs1456031 play a role in creating differential proba-
bilities of people developing AVHs? Only three studies have pre-
viously reported ﬁndings of associations between rs1456031 and
psychopathology, in addition toTolosa et al. (2010). First, Gong et al.
(2004) found an association between rs1456031 and autistic dis-
order. Second, Padovani et al. (2010) found that, in patients with
frontotemporal lobar degeneration (FTLD), TT genotypes had lower
verbal ﬂuency scores than carriers of the C allele, and that the TT
genotype was associated with reduced blood ﬂow in regions
including the left inferior frontal gyrus, left cingulate gyrus, right
interior temporal gyrus and right putamen. Third, Premi et al.
(2012) found a negative linear relationship between the number
of T alleles on the rs1456031 SNP, and blood ﬂow in the inferior
frontal gyrus bilaterally, the right cingulate gyrus and the left
inferior temporal gyrus, in resting state SPECT scans of patients
with primary progressive aphasia.
The ﬁndings of particularly Padovani et al. and Premi et al. may
be related to our study in two ways. First, verbal ﬂuency has been
found to positively correlate with levels of hallucinations (Kerns
et al., 1999), which is consistent with David’s (1994) proposal that
hyper-activation of stored lexical items causes them to exceed a
threshold level of activation, enter consciousness unintentionally
and result in AVHs. Given Padovani et al.’s ﬁndings, it may be that
CC genotypes have greater verbal ﬂuency which, when childhood
parental emotional abuse (which is likely to have a signiﬁcant
verbal component) is present, makes verbal memories of such
abuse hyperactive, increasing the probability of AVHs. Second, the
reduced activation of a fronto-temporal network during resting
state associated with TT genotypes suggests that those with CC
genotypes may have higher resting activation in this network e
which, in the presence of childhood parental emotional abuse,
might encourage the development of AVHs. However, neither of
these mechanisms can account for our ﬁnding that, when
emotional abuse was absent, rates of AVHs in TT genotypes were
signiﬁcantly higher than for CC genotypes. Nor can this explanation
account for our ﬁnding of a trend towards a reduction in AVH
prevalence in TT genotypes when such abuse was present. Until1 For those who wish to argue that AVHs are actually adaptive responses to
trauma (e.g., Romme et al., 2009), the direction of this argument could simply be
reversed.
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pattern of ﬁndings will remain difﬁcult to interpret. Indeed, exactly
how FOXP2 SNPs lead to neural and behavioural changes remains
unclear, as it has a complex expression pattern involving diverse
neuronal effects in distributed circuits, which are not well under-
stood (Fisher and Scharff, 2009). The FOXP2 gene encodes a tran-
scription factor that regulates the expression of other genes, and
may be involved in a variety of biological networks that ultimately
inﬂuence language development (Newbury et al., 2010), with
Vernes et al. (2007) estimating that FOXP2 may regulate several
hundred other genes.
Our pinpointing of a role for speciﬁcally emotional abuse is
consistent with a recent study by Daalman et al. (2012) who found
that of ﬁve types of child abuse examined (physical, sexual and
emotional abuse, and emotional and physical neglect), only sexual
and emotional abuse predicted the presence of AVHs. The speciﬁc
association reported here between parental childhood emotional
abuse and AVHs is phenomenologically intuitive, as our two-item
measure of emotional abuse included one item speciﬁcally
assessing verbal abuse, and another which assessed experiences of
humiliation, ridicule, bullying or mental cruelty, which were also
likely to include a substantial verbal component. However, our
study was not designed to investigate whether the content of pa-
tients’ AVHs was concordant with the verbal content of parental
emotional abuse they had experienced, thematically related to it, or
not related at all; further research of this question is therefore
warranted (Hardy et al., 2005).
4.2. Limitations
Our child abuse measure was dependent on self-report and, as
such, social desirability effects surrounding the reporting of abuse
may have led to underestimation of actual rates (Goldman and
Padayachi, 2000). This measure was also limited to parental
abuse, and did not capture experiences of abuse from other non-
immediate or non-family members. It is unclear if our ﬁndings
can be generalised from parental abuse to abuse per se, and how
controlling for non-parental abuse experiences may affect our re-
sults. In addition, our focus on genetic differences in patients who
had suffered abuse did not address or control for the potential non-
genetic factors such as self-blame, shame, anger and social isolation
following abuse, that may have some bearing on whether AVHs
develop after trauma (see McCarthy-Jones, 2012).
In terms of other limitations, ﬁrst, since rs1456031 is located at
intron 10 on the FOXP2 gene, it has been argued to be unlikely to
affect the function of the FOXP2 gene andmay instead be associated
with AVHs owing to being in linkage disequilibriumwith functional
polymorphisms in neighbouring regions (Sanjuan et al., 2006),
which could even include regions not on the FOXP2 gene. It is also
possible that this SNP is related to an RNA isoform that is not
expressed but that is important for gene expression regulation.
Second, our relatively small sample size meant our failure to ﬁnd a
main effect of FOXP2 could be due to a Type II error. Third, it is
possible that our ﬁnding of an interaction effect was a Type I error.
Fourth, althoughwe found no clear evidence of an interaction effect
predicting levels of non-verbal auditory hallucinations, as we only
used a single item to assess such hallucinations the reliability of our
measure may have been impaired. Finally, we were unable to test
for an interaction between FOXP2 SNPs and sexual abuse, due to the
large standard errors such terms introduced into the regression.We
hence cannot rule out a potential interaction between such abuse
and such SNPs, and future larger studies may wish to examine this.
In conclusion, we report here the ﬁrst preliminary evidence for a
gene-environment interaction in predicting the experience of AVHs
in people with schizophrenia-spectrum diagnoses, which suggeststhat FOXP2 may be a susceptibility gene for AVHs. Our ﬁndings
should be viewed as tentative until replication of this ﬁnding is
attempted in a separate larger study, and is tested using measures
of child abuse not limited to parental abuse.
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